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FOREWORD 

This  report  presents  the  final  results  of  one  of  the  46  projects  comprising  the  military-effect 
program  of  alteration  Plnmbbob,  which  included  24  test  detonations  at  the  Nevada  Test  Site  in 
1957. 

Fbr  the  overall  Plnmbbob  military  -effects  information,  the  reader  is  referred  to  the  ‘ISum- 
mary  Report  of  the  Director,  DQD  Test  Groqp  (Programs  1-9),  ”  ITR-1445,  which  includes: 

(1)  a  description  of  each  detonation.  Including  yield,  zero-point  location  and  environment,  type 
of  device,  ambient  atmospheric  conditions,  etc. ;  (2)  a  discussion  of  project  results;  (3)  a  sum¬ 
mary  of  the  objectives  and  results  of  each  project;  and  (4)  a  listing  of  project  reports  for  the 
military-effect  program. 
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ABSTRACT 


Objectives  of  Project  2.8  were  to  (1)  develop  suitable  shields  for  Navy  dosimeter  types  EM-107/ 
PD  (quarts  fiber)  and  DT-60/PD  (silver  phosphate  glass)  in  order  to  correct  their  response  to 
agree  with  that  of  standard  depth  dose  detectors  imbedded  4  cm  in  masonite  phantoms  and  (2) 
compare  externally  held  ratemeter  readings  with  that  of  a  dose-rate  standard  also  Imbedded  4 
cm  in  masonite  phantoms . 

Based  on  laboratory  gamma  shielding  studies  conducted  in  the  range  80  kev  to  1.25  Mev,  ex¬ 
ternal  shields  were  developed  for  use  with  the  above  dosimeters.  The  masonite  phantoms  were 
designed  to  simulate  average  human  torso  configurations.  The  effectiveness  of  the  shields  in 
actual  field  radiological  situations  was  determined  in  the  distributed  fields  resulting  from  the 
induced  radiation  from  Shots  Wilson,  Priscilla,  and  Hood  and  the  fallout  field  from  Shot  Diablo. 

Studies  were  made  of  the  correlation  between  dose  rates  as  measured  by  the  AN/PDR-43 
QCN-1)  and  the  AN/PDR-44  (XN-1)  and  the  dose  rates  indicated  by  the  Naval  Material  Laboratory 
standard  depth-dose  ratemeter. 

The  results  of  the  measurements  performed  indicate  that  the  laboratory  shields  provided  for 
the  IM- 107/PD  is  adequate  to  provide  good  correlation  with  depth  dose.  Additional  shielding  is 
required  for  the  DT-60/PD.  Shielding  is  needed  for  the  AN/PDR-43  and  the  AN/PDR-44.  Re¬ 
sults  were  similar  for  both  neutron-induced  and  fallout  fields. 
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PREFACE 
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Chapter  I 

INTRODUCTION 

1.1  OBJECTIVES 

The  overall  objective  of  Project  2.8  was  to  determine  the  accuracy  provided  by  several  types 
of  Navy  radiac  equipment  in  measuring  radiological  hazard  in  the  field  under  atomic  warfare 
conditions. 

Specifically,  the  objectives  were  to:  (1)  perform  a  laboratory  study  to  develop  suitable 
shields  for  dosimeter  types  DT-60/PD  and  Df-107/PD  to  correct  their  response  to  agree  with 
the  response  of  the  standard  depth-dose  detectors  at  a  4 -cm  depth  in  simulated  human  torso 
configurations  (masonite  phantoms)  and  to  determine  the  effectiveness  of  these  shields  under 
field  conditions  and  (2)  compare  the  readings  obtained  with  ratemeter  types  AN/PDR-43  (XN-1) 
and  AN/PDR-44  (XN-1),  when  held  by  a  phantom  (to  ensure  shielding  and  backs cattering  com¬ 
mensurate  with  that  resulting  from  the  normal  field  use  of  these  instruments)  with  the  readings 
obtained  with  a  “deep”-dose-rate  field  standard. 

1.2  BACKGROUND  AND  THEORY 

The  concept  of  determining  the  accuracy  of  information  obtained  with  military  radiac s  by 
comparison  with  a  field  standard  (beta-shielded  Victoreen  gamma  dose  meter  in  air)  was  first  in¬ 
corporated  into  the  field  work  of  Operation  Teapot,  Project  6.1.2.  The  standard  used  in  this 
operation  was  designed  to  measure  the  gamma  dose  in  roentgen  units.  In  the  time  which 
elapsed  since  Operation  Teapot,  it  has  become  increasingly  evident  that  this  is  not  necessarily 
an  accurate  measure  of  radiation  hazard.  Recent  biological  work  (Reference  1)  Indicates  that 
the  physiological  effects  of  a  given  dose  measured  in  roentgens  may  vary  substantially  with  the 
photon  energy  of  radiation.  S  was  shown  that  corrections  should  be  applied  to  the  roentgen 
unit  at  low  photon  energies,  since  a  dose  indication  in  roentgens  at  these  energies  would  always 
be  somewhat  higher  than  the  biologically  significant  dose.  Furthermore,  good  correlation  has 
been  found  between  lethality  in  laboratory  animals  and  the  deep  gamma  dose;  that  is,  the  ioniza¬ 
tion  measured  several  centimeters  below  the  surface  of  the  skin.  Separate  criteria  for  the 
surface  or  beta  dose  have  also  evolved  recently,  fi  has  thus  become  important  to  redesign  the 
field  standard  apparatus  used  in  the  evaluation  of  military  radiacs  and  to  extend  the  measure¬ 
ments  made  during  Operation  Teapot  to  encompass  these  biological  concepts. 

Prior  to  Operation  Redwing,  Project  2.7.2,  (Reference  2),  it  was  recognized  that  of  the  pos¬ 
sible  doses  (air  dose,  surface  dose,  5 -cm  dose,  midline  dose,  etc.)  which  could  be  considered 
in  a  residual  field,  the  measurement  of  the  dose  received  at  a  depth  offered  the  beat  chance  of 
correlation  with  physiological  damage.  In  substantiation  of  this,  the  following  considerations 
were  given:  (1)  Measurement  of  the  air  dose  implies  replacement  of  the  body  by  an  instrument 
in  free  air  at  that  point  (practical  only  in  a  laboratory  case).  (2)  A  comparatively  large  surface 
dose,  which  could  cause  little  acute  biological  effect,  would  occur  in  residual  fallout  fields 
where  the  surface-to -depth -dose  ratio  is  often  20  to  1  higher  (Reference  3). 

The  dose  selected  for  the  Redwing  measurements  was  that  measured  in  a  masonite  "phantom 
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man**  at  a  depth  of  3  to  5  cm.  This  depth  dose  was  selected  because:  (1)  The  National  Bureau  of 
Standards  (NBS)  Handbook  59  (Reference  4)  states  that  acute  effects  of  radiation  are  due  to  dam¬ 
age  to  the  bone  marrow  whose  average  body  depth  Is  5  cm.  (2)  The  experimental  work  of 
Chambers,  et  al,  (Reference  5)  and  Imirie  and  Sharp  (Reference  3)  has  shown  that  the  dose  re¬ 
ceived  In  a  symmetrical  residual  fallout  field  is  constant,  within  approximately  10  percent,  at 
all  depths  further  than  3  cm,  as  opposed  to  a  rise  between  3  cm  and  the  surface  of  a  factor  of 
about  30  to  1. 

Because  of  the  noodirectionality  of  radiation,  the  complex  beta  and  gamma  ray  spectra,  and 
the  geometry  presented  by  an  individual  in  a  radiation  field,  it  becomes  exceedingly  difficult  to 
calculate  the  tissue  dose  received  from  readings  of  an  air  or  surface  dose.  Because  of  this, 
measurements  of  the  radiation  received  at  a  depth  have  been  made  by  various  investigators. 

Since  it  has  not  been  feasible  to  make  these  measurements  in  humans,  various  substitutes  have 
been  used.  Since  water  is  the  predominant  constituent  of  tissue,  it  has  been  used  as  a  tissue 
equivalent  medium,  and  the  water  bath  has  been  used  as  a  phantom  man.  Because  of  practical 
considerations,  the  water  phantom  is  not  always  convenient  or  suitable  for  use  in  measuring 
depth  dose,  and  many  materials,  among  them  rice,  powered  materials,  wax,  and  pressed  woods 
(masonite),  have  been  studied  to  find  a  suitable  substitute  whose  density  and  atomic  number  equal 
those  of  water  (Reference  6).  liasooite,  a  cellulose  material,  has  been  found  to  be  a  suitable 
replacement  for  water  and  has  been  used  extensively  in  previous  field  tests  (References  2,  3,  5, 
and  8)  in  various  shapes  and  sixes.  The  phantoms  used  by  Project  2.8,  Operation  Plumbbob, 
are  of  the  same  type  as  those  used  during  Operation  Redwing,  Project  2.72,  and  are  described 
in  detail  later  in  this  report. 

The  results  obtained  from  Operation  Redwing  showed  that  the  military  dosimeters  DT-60/PD 
(silver  phosphate  glass)  and  IM- 107/PD  (quartz  fiber),  when  reading  a  surface  dose,  exhibited 
wide  differences,  and  that  neither  were  in  good  agreement  with  standard  dosimeters  (shielded 
phosphate  glass  needles)  imbedded  in  phantoms  at  a  depth  of  3  to  5  cm.  The  wide  and  varying 
differences  obtained  between  the  surface  and  depth  readings  indicate  that  an  error  exists  in  any 
attempt  to  measure  and  interpret  the  radiation  dose  received  by  personnel  in  a  distributed  field, 
ft  was  the  aim  of  this  project  to  extend  the  work  started  in  Operation  Redwing  in  order  to  cor¬ 
rect  the  reading  errors  ohtained  with  the  above  dosimeter  types;  and  further,  to  include  in  the 
overall  experiment,  comparison  studies  of  the  readings  obtained  with  the  Navy  ratemeter  types 
AK/PDR-44  (XN-1)  and  AN/PDR-43  (XN-1)  with  tradings  of  depth -dose  rate  for  the  residual- 
induced  and  fallout  fields  of  the  type  resulting  during  Operation  Plumbbob. 

Data  was  ohtained  from  four  shots,  which  represented  two  types  of  residual  fields.  The 
fields  present  following  three  shots  were  composed  of  the  neutron-induced  activities  of  Nau  and 
Mn*.  The  field  present  following  the  fourth  shot  was  entirely  due  to  fallout.  For  the  case  of 
the  induced  fields,  the  Redwing  effects  noted  in  the  dosimeters  (beta  sensitivity  and  backscatter) 
were  minimised  since:  (1)  the  beta  radiation  was  negligible  in  comparison  to  the  fallout  type  of 
field  and  (2)  the  gamma  energies  were  higher,  thus  backscatter  was  reduced. 

However,  the  design  changes  indicated  by  Operation  Redwing,  i.e.,  increased  shielding  of 
both  the  standard  dosimeter  types  required  field  prooftests  in  induced  fields  as  well  as  in  fallout 
fields.  Since  both  type  of  fields  were  encountered  during  Operation  Plumbbob,  a  complete  eval¬ 
uation  of  the  shielded  dosimeters  was  possible. 

The  discrepancies  noted  by  Project  2.72,  Operation  Redwing,  between  readings  of  the  surface 
and  depth  detectors  are  considered  to  be  due  to  a  combination  of  backscatter  and  incident  high- 
energy  beta-radiation  effects,  both  of  which  tend  to  Increase  the  readings  of  the  surface  dosim¬ 
eters.  la  all  cases  cited,  the  agreement  between  the  DT-60/PD’s  and  the  depth-dose  detectors 
(Reference  2),  while  not  good,  was  significantly  better  than  the  agreement  obtained  between  the 
Df-107/PD’s  and  the  depth -dose  detectors.  This  is  attributable  to  the  added  shielding  provided 
by  the  case  and  the  energy-correction  shields  surrounding  the  DT-60/PD's.  Under  Projoct 
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2.8,  Operation  Plumbbob,  metallic  shields  for  the  two  dosimeter  types  had  been  designed  in  the 
laboratory  in  an  effort  to  correct  their  responses  to  agree  with  the  response  of  the  depth-dose 
detectors. 

In  the  field,  the  dosimeters,  some  selectively  shielded,  were  mounted  on  the  surface  of  the 
masonite  phantoms  and  racks,  and  their  readings  were  compared  with  the  depth  readings 
measured  by  the  imbedded  phosphate  glass  needles.  The  ratios  obtained  should  allow  evaluation 
of  (1)  the  corrective  measures  developed  in  the  laboratory  and  (2)  the  performance  of  military 
dosimeters  in  induced  and  fallout  residual  fields  of  the  types  resulting  from  Operation  Plumbbob. 
t  was  recognised  that  for  the  induced  fields,  the  quality  of  radiation  would  differ  from  that  ob¬ 
tained  in  a  fallout  field  and  that  lower-energy  radir..  ion  would  be  absent. 
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Chapter  2 

PROCEDURE 


2.1  OPERATIONS 

The  project  participated  in  four  shots.  Chronologically,  they  were  Shots  Wilson,  Priscilla, 
Rood,  and  Diablo.  The  residual  fields  encountered  in  the  first  three  resulted  from  the  neutron- 
induced  activities  in  the  soil.  These  were  identified  as  being  primarily  the  activities  of  Mn* 
and  NaM  isotopes.  The  residual  field  present  after  Shot  Diablo  was  entirely  fallout. 

2.1.1  Shot  Wilsoo.  At  approximately  45  minutes  after  detonation  of  the  Wilson  device,  the 
following  equipment  was  transported  into  the  field  and  located  at  positions  where  the  field 
strength  (as  measured  in  air)  was  of  the  order  of  50  r/hr: 

1.  Two  masonite  phantoms  loaded  with  standard  depth-dose  detectors  and  with  DT-60/PD 
and  Hi- 107/PD  dosimeters  (Figure  2.1).  These  detectors  are  fully  described  in  Sections 
2.2.1,  2.2.2,  and  2.2.3.  In  this  report  this  type  of  phantom  will  be  designated  as  the  ‘dosimeter 
phantoms.  ** 

2.  One  masonite  phantom  holding  both  an  AN/PDR-43  (XN-1)  (Section  2.2.6)  and  AN/PDR-44 
(XN-1)  (Section  2.2.7)  ratemeter.  The  phantom  was  also  equipped  with  a  standard  depth-dose 
ratemeter  (Section  2.2.8)  with  its  detecting  element  imbedded  in  the  phantom.  This  type  of 
phantom  will  be  referred  to  as  the  “ratemeter  phantom"  (Figures  2.2  and  2.4). 

3.  A  masonite  rack  assembly  (Figure  2.3)  consisting  of  four  masonite  (36  by  8  by  4%  Inches) 
sections  on  a  wood  mounting  frame.  The  rack  assembly  is  folly  described  in  Section  2.2.5.  The 
QI-107/PD  and  DT- 60/PD  dosimeters  were  mounted  on  the  surface  of  the  four  masonite  sections, 
while  the  glass  needles  were  imbedded  at  a  depth  of  4  cm  inside  the  masonite  blocks. 

After  being  exposed  for  approximately  53  hours,  the  phantoms  and  rack  were  recovered.  The 
instruments  were  read  and  the  data  interpreted  in  the  quonset  area  following  recovery. 

2.1.2  Shot  Priscilla.  At  H  +  2  hours  after  Shot  Priscilla,  one  dosimeter  phantom  and  one 
ratemeter  phantom  were  located  at  positions  where  the  field  distribution  was  fairly  uniform, 
and  the  field  strength  (as  measured  in  air)  was  between  10  and  20  r/hr.  Recovery  was  made  52 
hours  after  placement,  and  readings  were  then  taken  and  interpreted. 

2.1.3  Shot  Hood.  Two  hours  after  Shot  Hood,  two  dosimeter  phantoms,  one  ratemeter  phan¬ 
tom,  and  the  dosimeter  rack  were  located  in  a  2-to-3-r/hr  field.  Location  in  this  low-intensity 
field  was  due  to  an  erroneous  AN/PDR-43  (XN-1)  reading.  About  30  minutes  later,  the  dosim¬ 
eter  phantnma  and  rack  were  moved  to  a  7 -r/hr  field.  It  was  not  feasible  to  move  the  ratemeter 
phantom  to  a  more-intense  field,  as  the  power  trailer  serving  the  ratemeter  recorder  was  being 
shared  with  another  project  and  could  not  be  moved.  Recovery  of  the  ratemeter  phantom  was 
made  at  H  ♦  32  hours  and  recovery  of  the  dosimeter  phantoms  and  rack  was  made  at  H  +  58  hours. 

2.1.4  Shot  Diablo.  About  H  ♦  2  hours  following  Shot  Diablo,  two  dosimeter  phantoms,  one 
rack  assembly,  and  a  ratemeter  phantom  were  placed  in  a  field  of  approximately  50  r/hr. 

Although  the  ratemeter  reading  on  the  hard-surface  road  leading  toward  ground  xero  had  been 
only  5  r/hr,  immediately  off  the  road  the  dose  rate  jumped  to  50  r/hr.  The  equipment  would 
have  been  removed  to  a  lower  field,  but  the  truck  transporting  the  Instrumentation  became  im- 
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Figure  2.2  Masonite  phantom  loaded  with  standard  depth- 
dose  ratemeter  and  holding  ratemeter  Types  AN/PDR-43 
Figure  2.1  Masonite  phantom,  showing  dosimeter  array.  (XN-1)  and  AN/P  DR- 44  (XN-1). 


wedded  in  the  sand  and  could  not  be  moved.  Therefore,  the  instrumentation  was  installed  as 
rapidly  as  possible  and  the  personnel  evacuated  by  jeep.  Recovery  of  the  dosi/neter  racks  and 
the  dosimeter  phantoms  was  made  at  H  -  t>1.  hours.  The  ratemeter  phantom  was  recovered  at 
H  *■  SO  hours. 


3.2  INSTRUMENTATION 

2.2.1  DT-60  PD-CP-95,  PD  System.  The  DT-60/PD  dosimeter  (Figure  2.5)  contains  a 
sensitive  glass  square  mounted  in  a  lead-lined  plastic  case  (Reference  11).  The  dosimeter  is 


Figure  2.3  Rack  containing  masonite  sections  showing 
dosimeter  array. 


manufactured  by  the  Corning  Glass  Works  and  is  a  standard  stock  item  in  both  the  Navy  nnd  the 
Air  Force.  Tne  sensitive  glass  square,  which  contains  8  percent  silver  phosphate,  becomes 
fluorescent  in  direct  proportion  to  the  amount  of  radiation  to  which  it  has  been  exposed.  The 
dosimeter  has  a  nominal  range  of  600  r,  the  reader  being  the  limiting  factor. 

The  CP-85  PD  reader  Figure  2.5  is  a  fiuorometer  containing  an  ultraviolet  light  source  to 
sum  ...ate  tne  silver  fluorescence  ana  a  photomultiplier  to  measure  the  intensity  of  the  fluores- 
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eaee.  The  reader  scale  is  calibrated  directly  in  roentgens,  and  the  dosimeter-reader  combi¬ 
nation  is  designed  to  have  an  accuracy  of  approximately  ±  20  percent  for  gamma  energies  from 
80  kev  to  2  llee.  Unused  DT-60/PD*s  drawn  from  stock  have  an  average  pre-dose  value  of  3?  r, 
which  is  automatically  subtracted  by  the  reader  to  give  a  net  total  exposure. 

An  investigation  of  the  accuracy  of  a  large  random  selection  of  DT-W/PD’s  indicated  a  wide 
variation  in  tbe  accuracy  of  the  individual  instruments,  although  for  the  most  part  the  dosimeters 
read  within  the  specified  limits.  Since  it  was  felt  that  tbe  data  desired  might  be  obscured  by  the 
inherent  variation  in  the  DT-60/PD’s,  an  attempt  was  made  to  calibrate  the  individual  response 
of  instruments  prior  to  their  use.  Approximately  700  dosimeters  were  given  an  accurate  dose 
of  100  r.  As  the  result  of  this  evaluation,  150  dosimeters  whose  accuracy  was  within  ±  5  per¬ 
cent  were  selected  for  use  in  the  laboratory  phase  of  this  work.  Due  to  limitations  in  time  and 
in  the  availability  of  instruments,  the  dosimeters  used  in  the  field  were  not  evaluated  in  this 
manner,  and  for  this  reason  represent  the  normal  stock  quality  Item.  As  Indicated  previously, 
tbe  accuracy  of  such  instruments  is  quoted  as  ±  20  percent. 

Thirty  DT-60/PD’s  were  mounted  on  each  dosimeter  phantom,  and  64  were  mounted  on  the 
rack  assembly  (16  per  individual  rack). 

ill  ni-107/PD.  The  EM-107/PD  is  a  0-to-200-r  quartz-fiber  electroscope  manufactured  by 
the  Bendix  Aviation  Corporation  (figure  2.5).  k  is  energy  independent  shove  approximately  35 
tor,  has  very  low  leakage,  and  is  quoted  as  being  accurate  to  within  20  percent  over  its  entire 
range  (Reference  7). 

The  dosimeters,  although  designed  to  indicate  gamma  dose,  were  found  to  be  sensitive  to 
beta  radiation  daring  Operation  Redwing  (Reference  2). 

Tbe  Hf-107/PD's  were  selected  for  accuracy  prior  to  use  in  tbe  field.  Of  200  dosimeters 
tested,  80  were  selected  that  had  an  indicated  accuracy  of  ±  5  percent,  and  30  others  showing 
an  accuracy  of  ±  10  percent  were  also  used. 

Fbrty  of  the  nf-107/PD’s  were  positioned  on  each  dosimeter  phantom,  and  68  were  mounted 
on  tbe  rack  assembly  (Figures  2.1  and  2.3). 

2.2.3  Silver  Phosphate  Glass  Needles  and  Reader.  The  glass  needles  used  as  the  depth-dose 
staadsM  dosimeters  in  this  project  were  made  of  the  same  8  percent  silver  phosphate  glass  used 
in  the  DT-60/PD.  The  needles  are  very  small,  measuring  1  by  6  mm,  and  were  developed  by 
tbe  Naval  Research  Laboratory  (NRL).  At  present  the  needles  are  fabricated  by  Bausche  and 
Lamb,  la  the  original  design,  the  needle  was  encased  in  a  cylindrical  teflon  sleeve  whose  ends 
were  capped  with  lead  shields  (Figure  2.6).  A  0.2-mm  gap  existed  between  tbe  inside  edges  of 
the  two  lend  caps  when  the  dosimeter  was  assembled.  In  this  configuration,  the  response  of  the 
needle  was  supposed  to  have  been  energy  Independent  from  80  kev  to  2  ICev.  Needles  with  this 
type  shielding  were  used  during  Operation  Redwing.  A  postoperational  evaluation  of  the  Redwing 
needles  and  shields  by  the  NBS  indicated  that  n  response  of  4  percent  above  normal  existed  at  an 
energy  of  250  kev.  To  correct  for  this  error,  new  shields  were  developed  by  the  Naval  Material 
Laboratory  (NHL).  Tbe  changes  involved  were  tbe  increase  of  tbe  base  and  wall  thickness  of  the 
lead  cape  by  1  mm  and  the  reduction  of  the  gap  between  tbe  caps  to  0.1  mm.  As  s  result  of  these 
modifications,  tbe  error  at  tbe  250 -kev  energy  was  reduced  so  that  the  response  was  within  ±  10 
percent  of  the  average  response  of  the  instrument  over  its  energy  range.  The  energy -dependence 
characteristics  of  the  needles  with  shield  are  shown  in  Figure  2.7. 

Improved  shields,  consisting  of  a  molded  gold-polyethylene  structure,  have  been  developed 
by  Fraak  Day  of  the  NBS.  These  shields  extend  tbe  eoergy  independence  characteristics  to  s 
lower  limit  of  30  kev  sad  provide  n  uniform  response  for  s  dose  from  4  r  irradiation.  Despite 
the  fact  that  negotiations  had  been  made  to  procure  this  type  of  shield,  the  contractor  was  un¬ 
able  to  produce  them  in  time  for  use  In  the  field. 
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Relative  Reipome  of  Needle 


Figure  2.6  Phosphate-glass  needles  and  shields. 
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The  reader  (Figure  2.8)  for  the  needles  operates  oq  the  same  principle  as  that  used  with  the 
DT-60/PD  dosimeters.  ft  was  developed  by  the  NRL  for  use  by  Redwing  Project  2.72.  Figure 
2.9  shows  the  calibration  curve  obtained  with  a  set  of  ten  needles  which  had  been  Irradiated  in 
increasing  increments  of  50  r  by  the  NBS. 

The  phosphate  glass  needles  were  mounted  in  three  lucite  slides  and  two  masonite  sections 
for  insertion  in  the  phantoms  (Figure  2.10).  Approximately  14  shielded  needles  were  used  In 
each  slide  with  about  36  more  imbedded  in  each  of  the  two  special  masonite  sections.  An  ad¬ 
ditional  36  needles  were  imbedded  in  each  of  the  four  masonite  segments  of  the  rack  assembly. 

2.2.4  Masonite  Phantoms.  The  phantoms  are  constructed  of  laminated  pressed  wood  sec¬ 
tions  of  approximately  unit  density.  The  phantoms  consisted  of  20  sections,  each  1%  inches 
thick,  to  give  a  total  torso  height  of  30  inches  (Figure  2.1).  Each  phantom  was  supported  by 
a  wooden  platform  about  30  inches  high.  The  front -to-back  thickness  of  the  phantoms  was  9 
inches  (23  cm)  and  the  shoulder  width  was  18  inches  (46  cm).  The  phantoms  were  designed  so 
that  plastic  slides  and  masonite  sections  containing  the  phosphate  glass  needles  could  be  in¬ 
serted  into  the  phantoms  at  various  angles  and  at  various  elevations  from  the  ground  (Figure 
2.11).  The  DT-60/PD’s  and  the  Qf-107/PD’s  were  mounted  on  the  surface  of  the  phantoms  as 
described  in  Sections  2.2.1  and  2.2.2.  The  ratemeter  phantom  was  equipped  to  bold  one  sam¬ 
ple  each  of  ratemeter  types  AN/PDR-43  (XN-1)  and  AN/P  DR-44  (XN-1)  and  one  standard  depth- 
dose  ratemeter  with  its  detecting  element  embedded  in  the  phantom  at  approximately  chest 
height  at  a  depth  of  4  cm  (Figures  2.2  and  2.12). 

2.2.5  Masonite  Rack.  In  addition  to  the  dosimeter  phantom,  a  masonite  rack  assembly  was 
used  for  the  exposure  of  dosimeters  and  for  measurement  of  the  concurrent  depth  dose.  The 
rack  was  used  for  all  shots  for  which  dosimeter  exposures  were  made  with  the  exception  of 
Shot  Priscilla. 

The  rack  assembly  consisted  of  four  masonite  slabs  each  measuring  36  inches  long,  8 
inches  wide,  and  4%  inches  high.  The  slabs  were  mounted  on  a  wood  frame  so  that  the  under¬ 
surfaces  of  the  individual  slabs  were  1,  2,  3,'  and  4  feet  off  the  ground  (Figure  2.13).  The 
individual  slabs  were  identified  as  Rack  I,  Rack  D,  Rack  m,  and  Rack  IV,  the  numerical  des¬ 
ignation  being  indicative  of  the  height  of  the  particular  slab  above  the  ground. 

The  masonite  slabs  had  a  series  of  boles  drilled  at  a  distance  of  4  cm  from  the  front  and 
back  and  to  such  a  depth  that  the  glass-needle  dosimeter  would  be  located  at  the  center  height 
of  the  slab  (Figure  2.13).  Wood  dowels  were  used  to  close  the  boles  after  insertion  of  the 
shielded  needles.  In  this  manner,  the  homogeneity  of  the  rack  was  preserved  as  much  as 
possible. 

2.2.6  AN/PDR-43  (XN-1).  Radiac  AN/PDR-43  (XN-1)  (Reference  9)  is  a  small,  portable, 
battery-operated  (two  BA-30  batteries  in  series)  ratemeter  manufactured  for  the  Navy  by  the 
Electronic  Products  Company,  It.  Vernon,  New  York,  (Figure  2.14).  The  instrument  is  de¬ 
signed  to  indicate  within  20  percent  the  field  intensity  of  gamma  radiation  between  0.5  to  500 
r/hr  in  three  ranges.  Provisions  are  made  for  beta  indication,  and  an  internal  beta  source 
was  used  for  checking  instrument  operation.  The  AN/PDR-43  utilizes  a  pulsed  Geiger-lfueller 
tube  as  the  detecting  element.  The  tube  is  operated  at  a  direct -current  voltage  below  threshold 
and  is  made  sensitive  to  radiation  by  means  of  a  shaped  voltage  pulse  superimposed  on  the 
direct-current  voltage.  The  voltage  pulses  are  obtained  from  a  relaxation  oscillator  circuit 
operating  at  a  pulse  repetition  rate  of  approximately  1,400  cps.  The  Geiger-lfueller  (G-M) 
tube  is  sensitive  to  radiation  only  for  the  duration  of  each  voltage  pulse.  The  duration  of  each 
pulse  is  small  compared  to  the  dead-time  of  the  tube,  so  that  the  tube  can  produce  no  more 
than  one  count  during  each  applied  oscillator  voltage  pulse.  This  mode  of  operation  permits 
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Figure  2.8  Reader  for  phosphate-glass  needles. 
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extending  the  useful  range  of  the  G-M  tube  from  the  mr/hr  region  to  the  r/hr  region.  The  num¬ 
ber  of  G-M  tube  pulses  produced,  is  proportional  to  the  probability  of  an  ionizing  event  occur¬ 
ring  within  the  tube  during  the  time  the  fixed,  pulsed,  overvoltage  is  applied  (on-time).  The 
G-M  tube  pulse  rate  is  therefore  a  measure  of  the  radiation  field.  Range  changing  is  effected 
by  changing  the  width  of  the  on-time  1.400-cps  pulse.  Thus,  the  least  range  (0  to  5  r/hr)  has 


Figure  2.10  Slides  and  sections  loaded  with  phosphate-glass  needles 
for  insertion  in  masonite  phantoms. 


:ne  greatest  pulse  width  to  compensate  for  the  reduced  probability  of  an  ionizing  event  occur¬ 
ring  in  a  field  of  this  intensity.  The  instrument  is  designed  to  give  an  air-equivalent  response 
witnin  20  percent  for  gamma  energies  in  the  range,  80  kev  to  1.25  Mev. 

2.2.T  AN  PDR-44  'XX- 1»-  Radiac  set  AX/PDR-44  (XN-1)  (Reference  10)  is  a  portable, 
oartery -ope rated  one  BA-30  battery;  ratemeter,  designed  by  the  Naval  Radiological  Defense 
laboratory  NRDL.  and  manuractured  for  the  Navy  by  the  Admiral  Corporation,  Chicago  (Fig- 
-re  2.14  .  The  instrument  utilizes  a  pressurized  gamma-sensitive  ionization  chamber  for 
indicating  gamma  radiation  in  one  of  three  ranges:  0  to  5,  0  to  50,  and  0  to  500  r/hr.  Read- 
mgs  were  displayed  over  a  20-«a.  linearly  marked  scale,  equipped  with  a  mechanical  range- 
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Figure  2.14  Photograph  of  standard  depth-dose  ratemeter 
and  ratemeter  Types  AN/PDR-43  (XN-1)  and  AN/PDR-44  (XN-1). 


24 

CONFIDENTIAL 


changing  system.  The  meter  is  driven  by  a  computer-indicator  circuit  consisting  of  a  stable 
differential  amplifier  type  of  electrometer  vacuum-tube  volt  meter  (VTVM)  circuit  using  a 
dual-tetrode  electrometer  tube.  The  reading  accuracy  of  the  instrument  between  10  and  100 
percent  of  full  scale  is  ±  20  percent  for  gamma  radiation  in  the  energy  range  80  kev  to  1.25  Mev. 

1.2.8  Depth-Dose  Rat  erne  ter.  A  depth  dose  ratemeter  (figure  2.14)  was  utilised  in  this 
operation  as  the  standard  against  which  the  two  ratemeter  types  under  investigation  (AN/PDR- 
43  (XN-1)  and  AN/P  DR-44  (XN-1) )  were  compared.  The  depth-dose  ratemeter  had  its  de¬ 
tecting  element  imbedded  in  the  phantom  at  a  depth  of  4cm  at  approximately  chest  height,  and 
the  dose  rate  obtained  at  this  point  was  recorded  and  compared  with  the  recorded  readings 
obtained  for  the  above  phantom-held  ratemeters.  The  detecting  element  for  the  standard  rate¬ 
meter  is  a  seintiUon  plastic  phosphor  1  cm  in  diameter  and  1  cm  high.  A  strip  of  sinc-sulfide 
(silver  activated)  2  mm  wide  was  wrapped  around  the  periphery  of  the  phosphor  at  midheight  to 
correct  the  energy  dependence  of  the  bare  scintilloa  phosphor.  A  lucite  light  pipe,  1  cm  in 
diameter  and  approximately  12  inches  long,  was  used  to  transmit  the  phosphor  response  to  a 
LP21  photomultiplier  tube  located  at  the  top  of  the  phantom  (Figure  2.12).  The  density  of  the 
Incite  is  1.18  gro/cm5,  and  it  is  considered  that  the  luclte-phosphor  combination  does  not  alter 
the  tissue  equivalence  of  the  phantom.  The  photomultiplier  tube  output  was  read  directly  on  a 
100-mv  Varian  Associates  recorder. 

The  response  of  the  Instrument  with  the  detecting  element  imbedded  in  the  phantom  (depth 
4  cm)  was  compared  to  the  air-equivalent  response  of  a  Victoreen  ratemeter  (similarly  imbed¬ 
ded)  for  gamma  radiation  (70  kev  to  1.25  Mev)  incident  on  the  surface  of  the  phantom.  The 
results  are  shown  in  Figure  2.15.  The  indicated  accuracy  of  the  instrument  is  within  10  per¬ 
cent  for  energies  between  40  kev  and  1.25  Mev  and  within  5  percent  for  a  Co**  air  dose. 

The  range  of  the  instrument  is  20  r/hr,  with  readings  indicated  linearly  on  5-inch  recorder 
paper,  allowing  a  reading  accuracy  of  0.1  r/hr.  The  sero  shift  of  the  instrument  was  found  to 
be  negligible  for  repeated  20-hour  runs.  The  response  of  the  phantom  imbedded  instrument 
for  Co"  exposures  in  2-r/hr  steps  up  to  20  r/hr  is  shown  in  Figure  2.18. 

The  4-cm-depth-dose  ratemeter  recording  may  be  integrated  over  the  exposure  time  and 
the  resultant  dose  compared  with  that  recorded  by  the  4 -cm  needles  that  sustained  the  same 
exposure. 

2.2.9  Ratemeter  Recording  System.  Because  of  the  high  fields  required,  the  readings  of 
all  ratemeters  used  were  recorded  for  later  interpretation.  A  Varian  Associates  G-10,  100- 
mv  recorder  (with  5-inch  chart)  was  used.  To  facilitate  recording  the  readings  of  the  three 
instruments  on  one  recorder,  a  sampling  system  composed  of  motor-driven,  cam-actuated 
microswitches  was  used.  This  provided  a  cyclic  reading  of  each  ratemeter  for  approximately 
18  seconds  each  minute.  Provision  was  also  made  for  a  5-second  recorder  zero  check  once 
each  cycle.  The  recorder  and  sampling  system  required  110-volt,  60-cycle  power,  which  was 
supplied  by  means  of  six  12-volt  storage  batteries  and  a  230-watt  inverter.  Six  paralleled 
storage  batteries  were  adequate  to  power  the  entire  recording  system  for  periods  in  excess 

of  54  hours,  which  was  the  maximum  recording  time  required  (Figure  2.4). 


2.3  DATA  REQUIRED 

3.3.1  Laboratory  Data.  Prior  to  the  actual  field  work,  external  shields  of  various  materials, 
such  as  stateless  steel,  duraluminum,  lead,  and  lucite  were  tested  in  an  effort  to  correct  the 
response  of  dosimeter  types  Df- 107/PD  and  DT- 60/PD  (while  reading  a  surface  dose)  to  agree 
with  the  response  of  the  standard  dosimeters  (silver  phosphate  glass  needles)  imbedded  at 
depths  of  4  cm  in  a  masonite  phantom.  Dosimeter  readings  were  obtained  with  various  shields 
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Figure  2.15  Energy  dependence  curve  of  rate  meter  with 
detecting  element  embedded  in  phantom. 


Instrument  Divisions 

Figure  2.15  Calibration  curve  (Co*  radiation)  of  ratemater. 
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and  compared  with  the  readings  of  the  phosphate  glass  needles  for  bilateral  radiation  of  energies 
in  the  range  of  70  kev  to  1.25  Mev  incident  on  the  phantom.  From  this  data  the  most  effective 
shields  were  determined  to  be  0.06  inch  of  stainless  steel  for  the  IM-107/PD,  and  0.012  Inch  of 
lead  for  the  DT-60/PD. 

2.3,1  Reid  Data.  In  the  field,  the  masonite  phantoms  and  sections  were  loaded  with  the  sur¬ 
face  dosimeters,  IM- 107/PD  and  DT- 60/PD  (some  selectivity  shielded),  and  with  the  phosphate 
glass  needles  as  previously  described.  Following  each  exposure  the  surface  dosimeters  and 
the  needles  were  removed  from  the  field  and  read.  Due  to  nature  of  the  response  of  the  silver 
phosphate  glass  to  irradiation,  the  DT- 60/PD’ 8  and  needles  were  read  after  a  stabilisation  peri¬ 
od  of  24  hoars.  The  accuracies  of  the  needles  and  DT-60/PD  dosimeters  are  considered  to  be 
within  20  percent.  The  accuracy  of  the  Df-107/PD’s  (preselected  as  described  in  Section 
2.2.2)  is  considered  to  be  within  10  percent. 

Readings  of  ratemeter  Types  AN/PDR-43  (XN-1)  and  AN/PDR-44  (XN-1)  were  recorded 
while  the  raiemeters  were  undergoing  exposure  in  residual  fields.  The  recorded  readings  were 
compared  with  the  readings  obtained  with  the  standard  depth-dose  ratemeter,  which  had  its 
detecting  element  imbedded  in  the  phantom  ns  described  in  Section  2.2.8.  The  AN/PDR-43 
(XN-1)  and  AN/PDR-44  (XN-1)  ratemeters  have  a  specified  accuracy  of  ±  20  percent  for  gam¬ 
ma  radiation  in  the  energy  range  of  80  kev  to  1125  Mev.  The  depth-dose  ratemeter  had  a 
measured  accuracy  of  within  10  percent  for  gamma  radiation  in  the  energy  range  40  kev  to  1.2S 
Mev  and  within  S  percent  for  a  Co**  air  dose.  The  recording  system  has  a  rated  accuracy  of 
1  percent  and  produced  no  detectable  distortion  of  the  response  of  the  three  ratemeter  types 
involved. 

The  w*inan»i  accuracy  of  the  field  readings  contained  in  the  results  is  of  the  order  of  ±  20 
percent  for  both  the  dosimeter  and  the  ratemeter  readings. 
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Chapter  3 

RESULTS 


3.1  DESIGN  OF  SHIELDS 

Because  of  the  erroneously  high  readings  of  both  DT-60/PD’s  and  Df-107/PD’s  reported 
from  Operation  Redwing  (Reference  2),  shields  were  designed  to  bring  the  response  of  these 
detectors  as  close  as  possible  to  the  response  of  the  standard  phosphate  glass  needles  imbedded 
to  a  4-cm  depth  in  a  masonite  phantom. 

As  noted  in  Section  2.3.1,  the  optimum  shield  thickness  selected  were  0.06  inch  of  stainless 
steel  for  the  Di-107/PD  dosimeter  (1.65  grams/cm1)  and  0.012  inch  of  lead  for  the  DT-60/PD 
dosimeter  (0.346  grams/c  m*). 

Figure  3.1  shows  the  ratios  of  the  response  of  the  shielded  and  unshielded  IM-107/PD  to 
that  of  the  4-cm  needle  for  various  energies.  Figure  3.2  similarly  shows  the  ratios  of  the 
shielded  and  unshielded  DT- 60/PD.  Values  in  each  case  are  determined  from  the  averages  of 
ten  detector  readings. 

Figures  3.3  and  3.4  show  the  response  of  both  shielded  and  unshielded  EM- 107/PD’ s  and 
DT-60/PD’s,  respectively,  to  the  air  dose  for  various  energies. 

Tables  3.1  and  3.2  present  the  actual  laboratory  data  obtained  in  this  experiment.  No  single 
thickness  of  shielding  was  found  to  bring  the  ratios  in  Figures  3.1  through  3.4  to  unity  for  all  en¬ 
ergies  from  80  kev  to  that  of  Go".  The  shields  chosen  in  both  cases  tend  to  reduce  response  to 
low-energy  (less  than  100  kev)  radiation  to  relatively  low  values.  The  indicated  thicknesses  of 
shielding  were  chosen,  however,  based  on  the  criteria  that  (1)  shielding  must  be  thick  enough  to 
proves*  passage  of  betas  of  energies  up  to  several  million  electron  volts,  (2)  a  relatively  minor 
percentage  of  the  dose  Is  contributed  by  gamma  energies  below  100  kev,  particularly  in  neutron- 
induced  fields,  and  (3)  doses  delivered  at  energies  less  than  100  kev  is  less  significant 
biologically. 

The  laboratory  evaluation  was  performed  with  bilateral  radiation  in  all  cases.  The  IM-107/ 
PIT’s  and  DT-60/PD’s  (some  selectively  shielded)  were  mounted  on  the  chest  of  a  masonite 
phantom  (Section  2.2.4).  The  shielded  needles  were  imbedded  4-cm  deep  in  the  chest  and  the 
phantom  was  irradiated  for  a  prescribed  time.  The  phantom  was  then  rotated  180  degrees,  so 
the  back  was  now  in  the  position  the  chest  had  occupied.  An  identical  exposure  was  made  and 
a  correction  factor  applied  to  compensate  for  the  increased  distance  from  the  source  of  the 
needles  and  surface  detectors.  The  phantom  was  removed  and  the  air  dose  measured,  using  a 
Victoreen  r -meter  placed  at  the  position  of  the  phantom’s  chest.  As  described  in  Sections 

2.2.1  and  2.2.2,  dosimeters  used  in  this  experiment  bad  previously  been  selected  from  a  group 
found  to  be  accurate  within  5  percent  when  tested  with  a  radium  point  source. 

3.2  CHARACTERISTICS  OF  SHIELDED  DOSIMETERS 

Figure  3.1  shows  that  the  shielded  Df-fin/PI/s  read  slightly  lower  than  the  4-cm  needle 
dose  for  the  entire  energy  range  between  80  kev  and  that  of  Co"  (1.25  Mev)  with  relative  response 
very  close  to  unity  at  higher  energies.  At  Co**  energies,  the  shielded  DT-60/P I/s  read  1.17 
times  the  4-cm  needle  reading  (Figure  3.2).  Thus,  if  energies  encountered  during  Operation 
Plnmtatob  bad  been  approximately  those  of  Co",  the  shielded  DT-60/PD  could  be  expected  to 
read  about  17  percent  higher  than  the  shielded  Di-107/PD.  Similarly,  the  laboratory  data 
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Figure  3.1  Ratios  of  shielded  and  unshielded  HI-  107/PD  readings  to  depth-dose  readings. 


Figure  3.2  Ratios  of  shielded  and  unshielded  DT-60/PD  readings  to  depth-dose  readings. 
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Figure  3.4  Ratios  of  shielded  and  unshielded  DT-flO/PD 
readings  to  air -dose  readings. 
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showed  that  unshielded  DT-60/PD’s  read  22  percent  higher  than  the  depth  dose  values  and  17.6 
percent  higher  than  the  unshielded  IM-  107/PD  values. 

3.3  DOSIMETERS 

The  dosimeter  phantoms  and  rack  assembly  were  displayed  during  Shots  Wilson,  Hood,  and 
Diablo.  During  Shot  Priscilla  a  single  dosimeter  phantom  was  used.  The  tables  and  figures 

TABLE  El  AVEBAGE  DOSES  OF  SHIELDED  AKD  UNSHIELDED  M-10T/PD  DOBOtETXBS  AND  4-CM 
embedded  needles 
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giving  the  data  obtained  during  these  exposures  are  presented  according  to  dosimeter  type  in 
the  succeeding  sections.  Tables  are  used  to  show  the  average  shielded  and  unshielded  dosim¬ 
eter  dose  values.  For  each  type  instrument,  the  average  value  of  all  the  instruments  included 
on  an  array  is  presented,  since  the  variation  between  individual  instruments  was  purely  random. 
No  significance  was  found  in  a  study  of  the  dosimeter  values  as  a  function  of  height  or  position 
on  the  phantom.  This  situation  of  independence  of  dose  value  with  regard  to  location  on  the 

TABLE  U  AVEBAGE  DOSES  Of  SHIELDED  AND  UNSHIELDED  DT-40/PD'S  AND  «-CM 
EMBEDDED  NEEDLES 
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phantom  was  true  for  the  three  induced-field  shots.  For  Shot  Diablo,  however,  a  distinct  dif¬ 
ference  was  found  between  the  readings  of  the  front-side  and  back-side  dosimeters.  For  this 
reason,  average  front  and  back  readings  are  presented  for  this  shot. 

Figure  3.5  shows  a  typical  dosimeter  array  for  a  phantom  with  the  readings  recorded  in¬ 
dicated  at  the  dosimeter  position.  This  array  was  that  of  the  front  side  of  Phantom  B  in  Shot 
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Figure  3.5  Typical  phantom  dosimeter  array. 
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Priscilla,  aad  the  randomness  of  the  readings  can  be  noted.  The  array  la  typical  of  those  used 
for  all  ahots,  and  the  number  of  shielded  and  unshielded  dosimeters  van  identical  to  that  illus¬ 
trated  for  all  phantom  exposures.  Figure  9.6  Illustrates  one  of  the  masonite  rack  sections 
(Rack  I,  Shot  Hood).  Again,  the  DT-60/PD,  M- 107/PD,  and  needle  array  are  Identical  to  that 
a f  all  other  racks  used. 

1.1.1  Dt- 107/PD.  The  data  obtained  as  the  result  of  the  Hi- 107/PD  exposures  Is  presented 
la  Tables  S.3  and  1.4.  On  Shot  Wilson  both  the  shielded  and  unshielded  dosimeters  were  Inad¬ 
vertently  overexposed,  and  for  this  reason  no  data  was  obtained.  The  Priscilla  participation 
did,  however,  produce  valid  data.  Aa  Indicated  by  Table  9.3,  the  shielded  HI-107/PD’s  were 
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6  percent  higher  than  the  4-cm  needles,  whereas  the  unshielded  instruments  read  higher  than 
the  depth  dose  needles  by  16  percent.  The  same  general  situation  Is  observed  in  the  Shot  Hood 
results,  for  which  Tables  3.3  sad  3.4  show  that  the  shielded  Hf-107/PD’s  average  agreed  with 
the  depth  dose  needle  readings  to  within  0.5  percent  and  the  unshielded  readings  were  6.5  per¬ 
cent  higher.  Because  of  the  fallout  nature  of  Shot  Diablo,  the  data  obtained  for  the  shielded  and 
unshielded  dosimeters  was  quite  different.  The  shielded  dosimeter  dose  was  similar  to  that 
observed  oa  other  shots  In  that  it  was  5.5  percent  higher  than  the  concurrently  exposed  4-cm 
needles,  however,  the  unshielded  values  exceeded  those  of  the  4-cm  needles  by  an  average  of 
38  percent. 

The  results  show  that  the  04- 107/PD,  when  shielded  with  0.06  Inch  of  stainless  steel, 
gives  readings  that  agree  with  the  needle  depth  dose  to  within  6  percent  for  both  neutron-induced 
and  fallout  fields.  The  unshielded  dosimeter  data  indicates  that  the  readings  are  between  6  and 
16  percent  higher  than  the  measured  4-cm  needle  dose  for  neutron-induced  fields;  however,  for 
fallout  fields  the  difference  becomes  large  (90  to  46  percent). 

3.3.2  DT-80/PD.  The  exposure  data  for  the  DT- 60/PD  la  presented  In  Tables  3.5  and  3.6. 
The  DT-60/PD,s  exposed  to  Shot  Wilson  were  subjected  to  a  total  dose  In  excess  of  the  600-r 
range  of  the  CP-95/PD  reader.  In  order  to  interpret  the  indications  of  these  overexposed 


33 

CONFIDENTIAL 


CONFIDENTIAL 


Figure  3.6  Typical  rack  dosimeter  array. 


TABLE  3.4  READINGS  OF  ftt-107/PD'S  EXPOSED  ON  RACKS 

Front  (F)  tad  back  (B)  surface  detector  readings  were  wwgd  except  for  Diablo. 
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TABLE  3.5 

HEADINGS  OF  DT-60/PD'S  EXPOSED  ON  PHANTOMS 

Front  (F)  and  Back  (B)  surfaoe  detector  readings  were  averaged  except  for  Diablo. 
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DT-60/PD’s,  several  were  subjected  to  accurate  doses  of  600,  800,  and  1,000  r  In  the  labora¬ 
tory.  The  CP -95/PD  and  DT-60/PD  system  was  then  calibrated,  and  the  Wilson  DT-60/PD’s 
were  read.  The  data  obtained  from  Shot  Wilson  shows  that  the  shielded  detectors  read  an  aver¬ 
age  of  29  percent  higher  than  the  4-cm  needles,  whereas  the  unshielded  exceeded  the  needle 
dose  by  40  percent.  The  unshielded  dosimeter  doses  exceeded  the  shielded  Instrument  values 
by  8.5  percent.  For  Shot  Priscilla  it  was  found  that  the  shielded  detectors  read  an  average  of 
30  percent  higher  than  the  4-cm  needles,  whereas  those  unshielded  exceeded  the  needle  dose 
by  43  percent.  For  Shot  Hood  it  was  found  that  on  the  average,  the  shielded  DT-60/PD's  read 
23.5  percent  higher  than  the  4-cm  needles  and  the  unshielded  versions  exceeded  the  depth  dose 


TABLE  AC  HEADINGS  OF  DT-60/PD'S  EXPOSED  ON  RACKS 

Front  <F)  sad  beck  IB)  surface  detector  readings  wore  averaged  except  for  Diablo. 


Shoe 

Hack 

Number 

DT-60/PD 

Annie 

DT-60/PD 

Average 

Avenge 
Reading  of 
Noodles 
Embedded 
at  Depth 
of  4  cm 

Ratio  of  Surface 
to  Depth  Dose  Readings 
DT-60/PD  DT-80/PD 

Average  Ratio 
of  Surface  to 

Depth  Readings 

Shielded 

Unshielded 

Shielded  Unshielded 

Shielded 

Unshielded 

r 

r 

r 

Wilson 

I 

916 

965 

730 

1.25 

1.32 

n 

839 

945 

687 

1.22 

1.37 

1.24  1.32 

m 

821 

869 

678 

1.21 

1.28 

IV 

842 

865 

670 

1.26 

1.29 

Hood 

I 

68 

72 

60 

MS 

1.20 

n 

68 

76 

52 

1.31 

1.45 

1.22  1.37 

m 

66 

IS 

53 

1.24 

1.42 

IV 

64 

77 

54 

1.19 

1.43 

_F 

_F  ^ 

£ 

J5 

_F  Bi 

X  X 

Diablo 

i 

140  161 

175  191 

114 

119 

1.23  1.35 

1.54  1.61 

n 

131  146 

173  194 

116 

119 

1.13  1-23 

1.49  1.63 

1.27  1.61 

m 

151  158 

181  182 

112 

114 

1.35  1.21 

1.62  1.60 

rv 

ISO  1S3 

194  197 

112 

116 

1.34  1.32 

1.73  1.70 

by  an  average  of  40.5  percent.  The  different  nature  of  the  Diablo  field  is  also  indicated  from 
the  DT-60/PD  data  obtained  for  this  shot.  Whereas  the  shielded  instruments  indicated  doses 
higher  than  the  depth  dose  by  an  average  of  29  percent,  the  unshielded  dosimeters  averaged  61 
percent  higher. 

In  summary,  the  DT-60/PD  dosimeter,  where  shielded  with  0.12  inch  of  lead,  read  doses 
from  22  to  34  percent  higher  than  the  silver  phosphate  glass  needles  buried  inside  a  masonite 
phantom  and  rack  at  a  depth  of  4  cm.  This  was  not  an  unexpected  result,  since  laboratory  data 
inrfifiiwi  that  the  shielded  DT-60/PD  read  17  percent  higher  than  the  imbedded  needles  when 
irradiated  by  Co**. 

The  unshielded  detector  data  again  shows  considerably  greater  variance  with  the  4-cm 
needle  as  expected.  The  variation  here  ranged  between  32  and  49  percent  for  the  induced 
fields  and  61  percent  for  the  Diablo  field. 

3.3.3  Needle  Dose  Data  and  Depth  Dose  Curves.  The  amount  of  Internal  dose  sustained  as 
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measured  with  the  silver  phosphate  needles  and  its  variation  as  a  function  of  depth  within  the 
phantom  is  shown  in  Figures  3.7  through  3.13. 

The  phantom  data  points  indicated  on  these  figures  represent  the  average  of  the  readings  of 
twelve  needles  for  depths  of  3,  4,  5,  18,  20,  and  21  cm.  All  other  values  are  the  average  of 
six  needles.  Each  individual  needle  was  read  three  times;  however,  since  the  agreement  be¬ 


tween  readings  was  very  close,  it  was  not  necessary  to  average  the  values.  A  typical  set  of 
needle  dose  data  is  shown  in  Table  3.7.  This  table  shows  the  corrected  average  needle  reading 
in  microamperes  (predose  subtracted)  and  the  resultant  dose  in  roentgens.  B  depicts  the  needle 
situation  for  Phantom  B,  Shot  Priscilla,  and  is  typical  of  all  the  4 -cm  needles.  Smooth  curves 
were  fitted  visually  to  the  data  points  to  prepare  the  previously  referenced  figures. 

As  indicated  previously,  two  phantoms  and  one  rack  were  utilised  for  all  shots  except 
Priscilla.  For  this  shot,  only  one  dosimeter  phantom  was  used.  Since  it  was  necessary  to  pro¬ 
vide  some  separation  between  the  rack  and  phantoms  upon  their  installation  in  the  field,  the 
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Individual  units  were  subjected  to  slightly  different  fields  and,  therefore,  sustained  somewhat 
different  total  doses.  This  fact  is  evident  in  the  different  total  doses  recorded  by  the  needles 
contained  in  the  two  phantoms  and  four  rack  sections  for  the  same  total  exposure  period. 

The  actual  measured  doses  as  indicated  by  the  4-cm  needles  were  used  in  the  preparation 


Depth  in  Phantom  ,  cm 

Figure  3.8  Shot  Wilson,  Phantom  B,  dose  as  a  function  of  depth. 


of  Tables  3.3  to  3.6,  in  which  the  readings  of  the  DT- 60/PD  and  Of- 107/PD  dosimeters  are 
compared. 

In  the  preparation  of  Table  3.8,  which  shows  the  relation  of  the  midline  dose  to  the  4-cm 
dose  for  the  phantoms,  the  midline  dose  was  estimated  from  the  curves  of  Figures  3.7  to  3.13. 

1  is  evident  from  the  data  presented  in  this  table  that  the  midline  dose  is  about  10  percent  lower 
than  the  4-cm  dose  for  induced  fields.  For  an  unperturbed  fallout  field,  such  as  the  one  to  which 
the  forward  side  of  Phantom  B  and  the  back  side  of  Phantom  A  were  subjected  during  Shot  Diablo, 
a  much-greater  variance  was  noted  between  the  4-cm  and  midline  doses.  This,  of  course,  is  a 
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so 


Figure  3.11  Shot  Hood,  Phantom  B,  curve  of  dose  as  a  function  of  depth. 
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consequence  of  the  lover-energy  characteristic  of  the  fallout  field.  As  was  previously  noted, 
the  Diablo  field  was  definitely  asymmetric  with  respect  to  the  phantom  being  exposed.  There 
was  a  steep  gradient  between  the  road  and  a  location  just  off  the  road  where  the  phantoms  were 
placed.  In  addition,  the  stalled  truck  served  to  further  perturb  the  field.  For  these  reasons. 


Figure  3.13  Shot  Diablo,  Phantom  B,  dose  as  a  function  of  depth. 

the  comparison  of  the  4 -cm  needle  dose  with  the  midline  dose  for  the  sides  away  from  ground 
zero  is  considered  to  be  nonrepresentative  of  a  uniform-fallout-field  situation. 


3.4  RATEMETER 

The  ratemeter  phantom  was  exposed  to  Shots  Wilson,  Priscilla,  Hood,  and  Diablo.  The 
recorded  dose  rates  as  a  function  of  time,  which  were  obtained  from  the  exposures  on  the  first 
three  shots,  are  presented  graphically  in  Figures  3.14  through  3.16.  Since  only  AN/PDR-44 
data  was  obtained  from  Wilson,  a  single  record  is  presented  in  Figure  3.14.  For  Shots 
Priscilla  and  Hood,  the  corresponding  figure  presents  dose  rate  versus  time  for  the  AN/PDR- 
43  (XN-1),  the  AN/PDR-44  (XN-1),  and  for  the  depth-dose  ratemeter.  The  Diablo  data  is  not 
presented  for  reasons  explained  later  in  the  report. 

The  curves  for  measured  dose  rate  versus  time  are  presented  as  solid  lines  on  the  figures; 
however,  the  curves  have  been  extrapolated  mathematically.  The  extrapolated  portion  of  the 
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TABLE  3.7  GLASS  NEEDLE  DATA  FOR  FIGURE  3.9,  PHANTOM  B,  SHOT  PRISCILLA* 


Dose  is  obtained  by  subtracting  average  predose  value  for  the  inherent  fluorescence  of  the 
needles  (24.5  x  I0~s  microamp)  and  then  dividing  the  corrected  average  reading  in  micro¬ 
amperes  by  a  calibration  constant  (75  x  10"*)  which  is  the  slope  of  the  calibration  curve  of 
microamperes  versus  roentgens  (Figure  2.9),  which  has  the  dimensions  of  microamperes 
per  roentgen. _ 


Depth  From  Front 

Corrected  Average  Reading 

Dose 

cm 

pa 

r 

0.5 

0.1305 

174 

1.5 

0.130 

173 

3.0 

0.122 

163 

4.0 

0.111 

148 

5.0 

0.110 

147 

9.0 

0.108 

144 

11.5 

0.100 

133 

14.0 

0.104 

139 

18.0 

0.100 

133 

19.0 

0.1065 

142 

20.0 

0.112 

149 

21.5 

0.116 

155 

22.5 

1.25 

167 

*  This  data  is  typical  of  all  events. 


TABLE  3.8  PERCENT  OF  4 -CM  DEPTH  DOSE  REPRESENTED  BY 


In  Diablo, 

MIDLINE  (1L5  CM)  DOSE 

Phantoms  A  and  B  faced  oppositely. 

Phantom 

Shot 

Midline 
(11.5  cm) 
Dose 

Average  of  Front 

And  Back  4-cm  Dose 

Difference  of 

4-cm  Dose 

r 

r 

pet 

A 

Wilson 

517 

574 

9.9 

B 

Wilson 

535 

614 

12.9 

A 

Hood 

48 

51.5 

6.9 

B 

Hood 

44.5 

49.7 

10.5 

B 

Priscilla 

138 

148 

6.8 

Front 

Back 

Front  Back 

A 

Diablo 

94 

101 

111 

7.0  14.5 

B 

Diablo 

74 

88 

79 

16.0  6.4 
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i 

curves  is  shown  by  dashed  lines.  The  method  by  which  this  extrapolation  was  performed  is  dis¬ 
cussed  fully  later  in  this  report.  The  purpose  of  this  extrapolation  was  to  permit  comparison  of 
the  total  doses  as  recorded  for  a  known  period  of  time  by  the  dosimeters  (DT-60/PD ,  IM-107/ 

PD,  and  4-cm  needles)  and  that  obtained  by  integrating  the  dose  rate  values  over  the  same  time 
period. 

To  facilitate  the  presentation  of  the  ratemeter  results,  the  data  pertaining  to  all  three  rate- 
meter  types  will  be  presented  according  to  the  shot  in  which  the  data  was  obtained. 

3.4.1  Shot  Wilson.  As  in  the  case  of  the  DT-60/PD’s  and  IM-107/PD’s  for  this  shot,  no  data 
was  obtained  for  the  AN/PDR-43  (XN-1)  and  the  depth-dose  ratemeter.  The  high  radiation  field 


H  +  5  *10  +15  +20  +25 

Time,  Hours 


Figure  3.14  Shot  Wilson,  decay  of  AN/PDR-44  (XN-1). 

in  which  the  phantom  was  located  produced  dose  rates  exceeding  the  maximum  dose-rate  capa¬ 
bility  of  the  recorder  for  the  entire  period  of  operation  (6  hours).  For  the  AN/PDR-43  (IN-1) 
this  was  15.6  r/hr;  the  limiting  maximum  value  for  the  depth-dose  ratemeter  was  33.4  r/hr. 

The  AN/PDR-44  recorder  bad  a  maximum  rate  capability  of  45  r/hr,  and  data  was  obt slued 
for  a  period  of  3  hours.  The  measured  values  as  a  function  of  time  are  presented  by  the  solid 
line  in  Figure  3.14.  As  previously  mentioned,  the  measured  curve  has  been  extrapolated  math¬ 
ematically  and  is  noted  by  the  dashed-line  portion  of  this  figure. 
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Field  Intensity  ,  r/hr 


Figure  3.15  Decay  of  AN/PDR-44  (XN-1),  AN/PDR-43  (XN-1),  and 
depth -dose  ratemster,  Shot  Priscilla.  Depth  doe# I(t)  «  16.1«'*'<nt 
♦  7.91  «“*•****,  AH/PDR-49  (XN-1)  I  (t)  «  ll.Oe'*"*  *  U.W4*"*, 
AN/PDR-44  (XN-1)  I(t)  »  n.9e'*"*  ♦  11. le-**"*. 
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3.4.2  Shot  Priscilla.  During  Shot  Priscilla,  data  was  obtained  for  all  three  instrument  types. 
In  the  case  of  the  AN/PDR-44  (XN-1)  and  depth-dose  ratemeter,  the  measured  data  extends  from 
the  time  of  exposure  ( H  +  2  hours)  until  H  +  11.5  hours,  when  the  recorder  unit  failed.  The  field 
intensity  exceeded  the  maximum  dose-rate  capability  of  the  AlVPDR-48  recorder  for  the  first 
hour  after  exposure.  The  AN/PDR-43  (XN-1)  trace  did  not  come  on  scale  until  H  +  3  hours,  and 
recorded  properly  until  H  +  11.5  hours.  The  recorded  traces  for  all  three  instruments  are  given 
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Figure  3.16  Decay  of  AN/PDR-44  (XN-1),  AN/PDR-43  (XN-1),  and 
depth-dose  ratemeter,  Shot  Hood.  Depth  dose  I(t)  =  1.45  e"*'1Mt 
+  1.43  e-M4Wt,  AN/PDR-43  (XN-1)  I(t)  =  0.97  e"'"*  +  1.82e',  M4Jt, 
AN/PDR-44  (XN-1)  I(t)  =  1.94e_,-*,t  +  2.Uc-,ut*. 


in  Figure  3.15.  In  this  figure,  the  extrapolation  of  the  AN /PDR-43  (XN-1)  data  is  shown  by  a 
dashed  line. 

Figure  3.17  shows  the  ratios  of  the  AN/PDR-43  (XN-1)  and  AN/PDR-44  (XN-1)  readings  to  the 
depth-dose  ratemeter  reading  as  a  function  of  time.  The  sharp  Increase  in  these  ratios  to  about 
6  hours  is  not  understood. 


3.4.3  Shot  Hood,  The  data  obtained  for  the  meters  during  this  participation  is  shown  on 
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Italto  Ratio 


Figure  3.17  Ratios  of  AN/PDR-4S  (XN-1)  and  AN/PDR-44  (XN-1)  to  ratemeter,  Shot  Priscilla. 


Figure  3.18  Ratios  of  AN/PDR-43  (XN-1)  and  AN/PDR-44  (XN-1)  to  rats  ns  ter,  Shot  Mood. 
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Figure  3.16.  The  AN/PDR-43  (XN-1)  capability  was  again  exceeded  at  early  times,  and  the  re¬ 
corder  did  not  come  on  scale  until  H  +  6  hours.  The  trace  for  the  depth-dose  ratemeter  became 
indeterminable  at  H  +  13  hours,  which  was  probably  due  to  the  fact  that  the  field  intensity  had 
decayed  to  such  a  point  that  the  meter  was  reading  in  the  range  of  4  percent  of  full  scale.  As  in 
the  case  of  the  other  curves,  the  measured  curves  were  extrapolated  mathematically. 

In  Figure  3.18  the  values  of  the  ratios  of  AN/PDR-43  (XN-1)  and  AN/PDR-44  (XN-1)  readings 
to  ratemeter  readings  are  shown.  Unlike  the  situation  in  Shot  Priscilla,  the  ratios  are  approxi¬ 
mately  constant,  averaging  about  1.25  for  the  AN/PDR-43  (XN-1)  and  1.55  for  the  AN/PDR-44 
(XN-1). 


3.4,4  Shot  Diablo.  The  data  obtained  during  the  Diablo  exposure  indicated  that  the  calibra¬ 
tion  of  the  ratemeter-recorder  combination  changed  in  some  manner.  This  was  evident  from  the 
fact  that  both  the  AN/PDR-43  (XN-1)  and  AN/PDR-44  (XN-1)  readings  were  lower  than  those  for 
the  ratemeter. 

After  laboratory  investigation,  it  was  found  that  a  short  circuit  had  developed  in  the  rate¬ 
meter.  As  a  result,  the  full  battery-supply  voltage  of  the  ratemeter  (900  volts)  was  impressed 
across  the  metering  circuit  of  the  other  radiacs  through  the  cycling  timer.  Since  the  meter 
movements  of  the  AN/PDR-43  (XN-1)  and  AN/PDR-44  (XN-1)  and  the  input  circuit  of  the  Varian 
recorder  that  sampled  the  radiac  meter  current  were  severely  damaged,  no  interpretation  of  the 
recorder  trace  is  possible. 
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Chapter  4 

DISCUSSION 


4.1  CHARACTERISTICS  OF  PLUMBBOB  RADIATION  FIELDS 

During  initial  planning,  the  project  was  informed  that  precautions  would  be  taken  during  the 
operation  to  prevent  fallout.  Therefore,  the  project  planning  was  based  on  the  premise  that  the 
instrument  evaluation  would  be  carried  out  in  neutron-induced  fields  only.  This  was  not  con¬ 
sidered  entirely  satisfactory,  as  far  as  this  project  was  concerned,  as  the  results  of  Redwing 
(Reference  2)  had  indicated  that  beta  radiation  was  probably  the  primary  cause  for  the  high  read¬ 
ings  of  the  nonshielded  DT-60/PD  and  IM-107/PD’s.  Since  a  neutron-induced  field  is  character¬ 
ized  by  high-energy  gamma  radiation  and  a  small  beta  component,  it  did  not  lend  itself  to  eval¬ 
uating  what  was  expected  to  be  primarily  a  beta  effect.  Under  these  conditions,  the  project  was 
planned  to  obtain  data  applicable  only  to  neutron-induced  soil  activity.  As  it  turned  out,  however, 
a  significant  fallout  field  did  result  from  Shot  Diablo,  and  the  evaluation  of  the  instruments  in 
both  type  fields  became  possible. 

Shots  Wilson,  Priscilla,  and  Hood,  which  were  balloon  shots,  produced  typical  neutron- 
induced  fields,  composed  almost  entirely  of  the  radiation  from  Na14  (tj/2  =  15.0  hr;  1.38  and  2.78 
Mev  gamma  energies),  Mn**  (tt/j  =  2.58  hr;  0.845,  1.81,  2.13  Mev  gamma  energies)  and  Aln 
(tj/i=  2.27  min,  1.78  Mev  gamma  energies).  At  the  times  at  which  the  project  instrumentation 
was  displayed,  the  Al**activity  had  decayed  to  insignificant  levels  and  was  disregarded.  The  beta 
activity  of  these  fields  was  minimal,  and  in  general  there  was  no  indication  of  a  soft  component 
at  times  later  than  H  +  4.25  hours  (Reference  13). 

As  previously  stated,  the  Diablo  field  was  a  pure  fallout  field.  This  was  a  tower  shot,  and 
the  nuclear  device  was  so  shielded  that  the  neutron  flux  was  attenuated  by  a  factor  of  1  million. 
Because  of  this  attenuation,  and  considering  the  distance  at  which  the  instruments  were  dis¬ 
played,  the  resulting  exposures  were  due  only  to  fallout  radiation. 

Since  the  two  types  of  fields  are  quite  different  in  respect  to  the  energy  distribution  of  the 
radiations  involved,  the  effects  on  the  dosimeters  were  expected  to  be  very  different.  That  this 
was  true  is  apparent  from  the  results  previously  presented  on  the  individual  dosimeters. 

4.2  EFFECTIVENESS  OF  DOSIMETER  SHIELDS 

4.2.1  IM- 107/PD.  As  indicated  by  Tables  3.3  and  3.4,  the  0.06-inch  stainless-steel 
shielding  was  effective  in  reducing  the  dosimeter  indication  so  that  good  agreement  existed  be¬ 
tween  the  shielded  IM- 107/PD  readings  and  those  of  the  4-cm  glass  needles.  For  both  the 
neutron-induced  field  and  the  fallout  field  the  agreement  between  the  shielded  IM-107/PD  and 
needle  depth  dose  was  within  6  percent.  Comparison  of  the  readings  of  shielded  and  unshielded 
dosimeters  shows  that  the  shielding  reduced  the  dosimeter  response  by  an  average  of  8  percent 
for  the  induced  field;  however,  for  the  fallout  field  the  reduction  averaged  32  percent.  This 
follows  directly  from  the  energy  characteristics  of  the  two  fields,  the  fallout  field  having  a  rel¬ 
atively  larger  soft  component  that  was  effectively  attenuated  by  the  added  shielding. 

4.2.2  DT-60/PD.  The  data  presented  in  Tables  3.5  and  3.6,  shows  that  the  0.12-incb  lead 
shielding  used  on  the  DT-60/PD  did  not  produce  as  effective  results  as  the  IM-107/PD  shield- 
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log.  The  shielded  DT-60/PD  readings  ranged  from  22  to  34  percent  higher  than  their  4-cm- 
needle  counterparts.  That  this  should  occur  was  not  surprising,  since  as  previously  discussed, 
the  laboratory  tests  of  the  shields  for  energies  of  CoMgave  results  that  were  about  17  percent 
high.  The  difference  between  this  anticipated  excess  and  that  actually  observed  can  also  be 
partially  explained.  For  the  DT-60/PD  Instrument,  the  roentgen  indication  increases  as  a  lin¬ 
ear  function  of  the  temperature  (Reference  11)  at  time  of  irradiation.  The  instrument  response 
to  1  r  of  dose  increases  by  0.278  percent  per  degree  Fahrenheit  Increase  in  temperature.  Cbn- 
considering  the  average  temperature  of  the  surface  DT-60/PD’s  as  being  at  least  the  average 
NTS  daytime  temperature  (100  F),  an  increased  response  of  the  instrument  of  the  order  of  5 
percent  would  be  expected. 

Comparison  of  doses  recorded  by  the  shielded  and  unshielded  DT-60/PD’s  indicates  that 
the  shielded  dosimeter  read  an  average  of  about  9  percent  lower  in  induced  fields  and  about  20 
percent  lower  in  the  fallout  field.  Again  this  is  attributed  to  the  different  energy  nature  of  the 
fields. 

A  preliminary  evaluation  of  the  DT-60/PD  results  indicates  that  although  the  0.12-inch  lead 
shielding  significantly  improved  the  response  of  the  Instrument  with  respect  to  its  measurement 
of  equivalent  depth  dose,  the  shield  was  not  yet  completely  satisfactory.  Based  on  laboratory 
studies  conducted  since  the  field  teBt,  it  was  found  that  shields  selectively  reducing  the  higher- 
energy  response  could  be  designed  that  would  satisfactorily  correct  the  response  characteristics 
of  the  DT-60/PD  dosimeters.  This  shielding  was  found  to  be  0.20  inch  of  lead  with  four  holes, 

*/«  -  inch  diameter,  symmetrically  spaced  through  each  face  of  the  shield. 

4.2.3  Comparison  of  Surface  Detectors  in  Operations  Plumbbob  and  Redwing.  R  was  found 
in  Plumbbob  that  the  unshielded  DT-60/PD  indicated  a  higher  dose  than  the  unshielded  EM- 107/ 
PO.  This  effect  is  in  direct  contrast  with  the  parallel  observations  of  the  DT-80/PD’s  and  1M- 
107/PD’s  above  deck  in  Redwing  (Reference  2),  but  is  in  concurrence  with  the  effects  noted 
below  deck.  This  effect  in  Plumbbob  is  believed  to  be  due  to  the  insignificant  effect  of  beta  ra¬ 
diation  present  in  all  fields  encountered,  paralleling  the  situation  existing  below  decks  of  ships 
in  Operation  Redwing.  Since  the  Diablo  field  was  entirely  of  a  fallout  nature,  it  might  have  been 
expected  that  the  results  obtained  could  be  likened  to  the  Redwing  data  for  above-deck  dosimeters. 
That  this  was  not  the  case  can  be  explained  by  the  different  procedures  used.  In  Shot  Diablo  the 
experimental  arrays  were  placed  in  the  field  after  the  major  part  of  the  fallout  had  settled  and 
were  never  in  close  proximity  with  beta  radiating  particles.  In  Operation  Redwing  the  phantoms 
were  situated  prior  to  shot  time  and  were  directly  subjected  to  the  fallout  (see  Section  3.1  of 
Reference  2).  The  Operation  Redwing  phantoms  were  also  wrapped  in  polyethylene  sheeting  to 
prevent  contamination  by  the  fallout.  This  sheeting  was  wrapped  about  the  phantom  in  a  fashion 
such  as  to  create  numerous  pockets  into  which  fallout  collected.  Thus,  many  dosimeters  were 
in  close  proximity  to  beta-emitting  fallout  debris.  Since  the  heavier-walled  DT-60/PD  would 
be  less  sensitive  to  this  radiation  than  the  IM-  107/PD,  the  reading  of  the  latter  was  found  to  be 
higher.  For  Operation  Plumbbob,  polyethylene  sleeves  were  again  utilized;  however,  great 
care  was  taken  to  insure  that  the  sheeting  provided  a  completely  smooth  surface  without  pockets. 
In  this  way,  no  trap  for  settling  fallout  particles  or  wind  distributed  activity  was  created. 

Since  the  beta  dose  produced  by  transient  fallout  particles  during  deposition  or  wind  trans¬ 
fer  would  be  small  in  comparison  to  the  total  dose,  that  for  the  Diablo  instruments  was  assumed 
as  coming  from  a  plane  source  field  in  which  an  appreciable  amount  of  the  beta  radiation  was 
attenuated  before  reaching  the  dosimeters  on  the  phantoms.  Under  these  circumstances,  the 
normal  heavier  wall  of  the  DT-flO/PD  would  not  be  as  effective  in  producing  a  sharp  difference 
between  the  reading  of  this  dosimeter  and  the  M- 107/PD. 

The  data  obtained  by  this  project  Indicates  that  for  situations  in  which  there  is  no  essentially 
direct  contact  with  fallout  debris,  the  unshielded  IM-107/PD  gives  a  lower  dose  Indication  than 
the  unshielded  DT-60/PD. 
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4.3  PERFORMANCE  OF  RATEMETERS 


4.3.1  AN/PDR-43  (XN-1).  Data  was  obtained  on  the  performance  of  the  AN/PDR-43  from 
Shots  Priscilla,  Hood,  and  Diablo.  Although  the  instrument  was  exposed  to  Shot  Wilson,  the 
existing  dose  rates  were  beyond  the  maximum  capability  (1S.6  r/hr)  of  the  ratemeter-recorder 
combination.  The  ratio  of  AN/PDR-43  reading  to  depth-dose  ratemeter  as  a  function  of  time 
for  Shot  Priscilla  is  shown  by  Figure  3.17.  The  ratio  increases  rather  sharply  with  time  until 
approximately  6  hours  and  then  becomes  fairly  stable.  The  corresponding  curve  for  Shot  Hood 
(Figure  3.18)  does  not  show  an  increase  in  the  ratio  for  the  AN/PDR-43  versus  depth-dose 
ratemeter,  the  ratio  being  approximately  constant  and  having  an  average  value  of  1.25.  The 
ratemeter  readings  obtained  for  Shot  Diablo  are  Invalid  because  of  equipment  failure. 

4.3  2  AN/P  DR- 44  (XN-1).  Usable  data  on  the  performance  of  the  AN/PDR-44  (XN-1)  was 
obtained  from  Shots  Wilson,  Hood,  and  Priscilla.  As  in  the  case  of  the  AN/PDR-43,  the 
Diablo  data  is  not  interpretable  due  to  equipment  failure.  The  situation  regarding  the  curves 
showing  ratios  of  AN/PDR-44  to  ratemeter  readings  as  a  function  of  time  is  similar  to  that 
found  for  the  AN/PDR-43.  For  Priscilla,  an  increasing  ratio  to  6  hours  is  noted  (Figure  3.17), 
whereas  the  Hood  ratio  (Figure  3.18)  is  fairly  constant,  maintaining  an  average  value  of  1.55. 

R  is  considered  that  the  increasing  ratio  obtained  for  Priscilla  was  due  to  a  change  in  the 
AN/PDR-43  calibration  during  the  run.  The  calibration  change  was  noted  prior  to  the  re-use 
of  this  instrument  during  Shot  Hood. 

4.3.3  Comparison  of  Integral ed-Ratemeter  with  Dosimeter  Doses.  To  obtain  a  cross  com¬ 
parison  of  the  accuracy  of  the  dosimeters  and  ratemeters  evaluated  In  this  project,  a  check  of 
the  total  dose  indicated  by  the  dosimeters  against  that  obtained  by  integrating  the  ratemeter 
values  over  Identical  exposure  times  was  performed.  The  curves  obtained  from  the  ratemeter 
results  were  extrapolated  to  encompass  the  times  over  which  the  dosimeter  exposures  were 
made.  Figures  3.14  (Wilson),  3.15  (Priscilla),  and  3.16  (Hood)  present  these  extrapolated 
curves.  The  method  used  in  this  extrapolation  is  discussed  fully  below,  as  are  the  techniques 
used  for  accomplishing  the  integrations. 

The  Wilson  residual  field  was  due  to  induced  activity.  As  discussed  in  Section  4.1,  the 
primary  activities  making  up  the  field  were.Na*4,  MnM,  and  Al**.  As  the  project  equipment  was 
installed  at  H  +  45  minutes,  the  Al**  activity  was  negligible,  having  decayed  through  more  than 
fifteen  half  lives.  Assuming  then  that  only  Na1*  and  MnN  activities  are  involved,  the  equation 
for  the  field  intensity  at  any  time  can  be  represented  as  follows: 

I(t)  =  l#1e-ait  +  I  ,j  e"a,t 

Where:  I0j  =  initial  activity  of  field  contributed  by  MnM  r/hr 
I(}  =  initial  activity  of  field  contributed  by  Na*4  r/hr 
at  =  disintegration  constant  for  Mn"  =  0.268  1/br 
a,  =  disintegration  constant  for  Na*4  *  0.0462  1/br 
t  =  hours  after  aero  time 

In  order  to  find  Itj  and  1^  it  is  only  necessary  to  know  the  total  intensity  of  the  field  at  any 
two  times  tj  and  t2.  Hence  for  the  WUeon  field  at  2  houra  and  20  minutes  after  aero  time, 

.  44.9  r/hr  =  i,^-*  + 
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At  5  hours  and  30  minutes  after  zero  time, 

I(t)  =  32.4  r/hr  =  I0le-°-2M(s-‘)  +  Io2e-0-04*2(5-5) 

These  are  two  equations  with  two  unknown  quantities,  I0l  and  Iq2.  Thus  it  can  be  determined 
that 

I0l  =  28.3  r/hr  and  I0j  =  33.2  r/hr 
and  the  equation  for  I(t)  becomes 

I  (t)  =  28.3e‘0,268t  +  33.2e"0-M62t 

This  equation  can  now  be  used  to  extrapolate  the  curve  for  measured  dose  rate  versus  time 
to  earlier  and  later  times.  Since  the  recorded  dose-rate  traces  did  not  normally  extend  to  the 
time  when  the  dosimeter  exposures  were  terminated,  nor  in  some  cases  did  the  ratemeter  traces 
come  on  scale  until  sometime  after  an  exposure  had  been  started,  it  was  necessary  to  extrapolate 
the  dose-rate  curves  to  the  times  of  interest. 

Utilizing  the  equation  or  the  extrapolated  curves,  a  mathematical  or  graphical  integration  can 
be  performed  over  the  period  of  time  the  dosimeter  arrays  were  in  the  field.  For  Wilson,  this 
time  was  from  H  +  45  minutes  to  H  +  54  hours.  Table  4.1  shows  the  integrated  doses  for  the  three 
types  of  ratemeter  and  the  4-cm-needle  doses,  shielded  and  unshielded  IM-107/PD  average  doses, 
and  shielded  and  unshielded  DT-60/PD  average  doses  for  each  phantom  and  rack  exposed.  The 
dose  as  determined  by  integration  of  the  AN/PDR-44  readings  over  the  aforementioned  interval 
was  723  r.  When  this  value  is  compared  with  the  average  dose  as  recorded  by  the  glass  needles 
at  4  cm  in  the  phantoms  and  racks  (Table  4.1),  it  is  noted  that  the  AN/PDR-44  dose  averages  9.7 
percent  higher.  When  compared  with  the  average  dose  recorded  by  the  unshielded  DT-60/PD’s, 
the  AN/PDR-44  dose  averages  19.7  percent  lower. 

For  Priscilla,  dose  rate  versus  time  was  recorded  by  all  three  instruments  to  H  +  11  hours. 
As  the  phantom  dosimeters  were  exposed  until  H  +  54  hours,  it  was  again  necessary  to  extrapolate 
the  curves  in  order  to  obtain  a  comparison  of  dose  values.  The  derived  equations  used  in  accom¬ 
plishing  the  extrapolation  were  as  follows: 

AN/PDR-43:  l(t)  =  11.0e"D-268t  +  11.7e"°-0462t 
AN/PDR-44:  I(t>  =  17.9e-°-268t  +  ll.le-0MC2t 
Depth  Dose  Ratemeter:  I(t)  =  16.1  e-°-268t  +  7.9e*M4,2t 

In  each  case  the  values  of  the  initial  activity  were  calculated  from  readings  taken  with  the 
ratemeter  for  which  they  were  being  determined. 

Integration  of  the  curves  was  performed  graphically  to  H  +  11  hours  and  mathematically 
from  H  +  11  to  H  +  54  hours. 

For  the  depth-dose  ratemeter  the  integration  of  the  dose  rate  over  the  indicated  time  period 
yielded  a  total  dose  of  179  r.  This  is  23  percent  greater  than  the  dose  recorded  by  the  4-cm 
needles  (145  r),  16  percent  greater  than  the  shielded  IM-107/PD’s  (154  r),  and  5  percent  less 
than  the  shielded  DT-60/PD’s  (188  r). 

The  integration  of  the  AN/PDR-43  rates  yielded  a  total  dose  of  234  r,  whereas  the  AN/PDR- 
44  integration  showed  a  total  dose  of  240  r.  A  comparison  with  the  4-cm  dose  indicates  that  the 
AN/PDR-43  read  61  percent  high  and  the  AN/PDR-44  was  high  by  65  percent.  When  the  AN/ 
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PDR-43  integrated  dose  is  compared  with  the  unshielded  IM-  107/PD  and  DT-60/PD  doses, 
values  of  39  percent  and  13  percent  higher,  respectively,  are  noted. 

When  the  AN/PDR-44  integrated  dose  is  compared  with  the  unshielded  IM-107/PD  and  DT- 
60/PD  doses,  values  of  43  and  16  percent  higher,  respectively,  are  noted. 

These  latter  comparisons  (unshielded  surface  detectors  to  AN/PDR-43  and  AN/PDR-44)  are 
considered  significant  as  they  compare  measurement  of  a  surface  dose. 

For  Shot  Hood,  dose -rate  readings  were  obtained  for  the  ratemeter  to  H  +  11  hours  and  for 
the  AN/PDR-43  and  AN/PDR-44  to  19  hours.  As  was  previously  explained,  the  ratemeter  phan¬ 
tom  was  inadvertently  placed  in  a  lower  field  than  originally  intended  because  of  a  10-r/hr 
reading  on  the  road,  which  decreased  sharply  to  approximately  2  r/hr  in  the  field  alongside.  The 
dosimeter  phantoms  were  immediately  moved  to  a  higher  field  (7  r/hr  as  indicated  by  an  AN/PDR- 
43).  This  procedure  could  not  be  followed  for  the  ratemeter  phantom,  as  the  recorder  power 


TABLE  4.1  READINGS  OF  DETECTORS,  EMBEDDED  NEEDLES,  AND  RATEMETERS,  IN  ROENTGENS 


Shot 

Phantom 

and/or 

Rack 

Needles 
Embedded 
at  4  cm 

DT-60/PD  Average 
Shielded  Unshielded 

IM -10 7/PD  Average 
Shielded  Unshielded 

Depth-Dose 

Ratemeter 

Integrated 

4  cm  Dose 

PDR-43 
Integrated 
Air  Dose 

PDR-44 
Integrated 
Air  Dole 

Wilson 

A 

574 

788 

878 

_ 

B 

614 

806 

891 

— 

— 

I 

730 

916 

965 

— 

— 

_ 

_ 

723 

II 

687 

839 

945 

— 

— 

HI 

678 

821 

869 

— 

— 

IV 

670 

842 

865 

— 

— 

Priscilla 

B 

145 

188 

207 

154 

168 

179 

234 

240 

Hood 

A 

53 

64 

76 

49 

54 

B 

49 

63 

71 

53 

55 

I 

60 

68 

72 

56 

63 

75 

102 

119 

n 

52 

68 

76 

54 

55 

m 

53 

66 

75 

53 

58 

IV 

54 

64 

77 

51 

55 

Diablo 

Data  not  possible 

supply  was  being  shared  with  another  project.  Not  only  was  it  necessary  to  extrapolate  the  curves 
in  order  to  obtain  a  comparison  of  dose  values  with  the  dosimeter  phantoms,  but  the  integrated 
doses  predicted  by  the  ratemeter  had  to  be  scaled  up  to  be  equivalent  to  that  which  would  have 
been  accumulated  by  the  ratemeter  in  a  7-r/hr  field. 

The  derived  equations  used  in  the  extrapolation  of  the  curves  were: 


AN/PDR-43:  I(t)  =  0.97e-°,288t  +  1.82e‘##mt 

AN/PDR-44:  I(t)  =  1.94e-°-J,,t  +  2.14e*M4Kt 

Depth  Dose  Ratemeter:  I(t)  =  1.45  e*°' 2,81  +  1.43e‘,'M**t 

Integration  was  performed  graphically  up  to  11  hours  for  the  depth -dose  ratemeter  and  up  to 
19  hours  for  the  AN/PDR-43  and  -44  and  then  formally  up  to  54  hours.  The  integrated  dose 
values  were  then  scaled  up  by  a  factor  of  7/2.16,  where  2.16  is  the  calculated  initial  intensity 
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of  the  field  (indicated  by  the  AN/PDR-43)  in  which  the  ratemeter  phantom  was  placed.  Calcula¬ 
tion  of  this  value  was  necessary  as  full-scale  deflection  for  the  AN/PDR-43  was  1.56  r/hr  on  the 
0  to  5  r/hr  range  and  did  not  appear  on  scale  until  H  +  5  hours. 

For  the  depth-dose  ratemeter,  the  complete  integration  of  the  dose  rate  over  the  Indicated 
period  of  time  yielded  a  total  dose  of  75  r  (Table  4.1).  This  gives  a  range  of  25  to  53  percent 
greater  than  the  minimum  and  maximum  dose  recorded  by  the  4-cm  needles,  a  range  of  34  to 
53  percent  greater  than  the  shielded  IM-107/PD’s,  and  a  range  of  10  to  19  percent  greater  than 
the  shielded  DT-60/PD’s. 

The  complete  integration  of  the  AN/PDR-43  rates  yielded  a  total  dose  of  102  r,  whereas  the 
AN/PDR-44  integration  showed  a  total  dose  of  119  r.  A  comparison  with  the  4-cm-needle  doses 
among  the  racks  and  phantoms  shows  that  the  AN/PDR-43  read  from  70  to  108  percent  higher  and 
that  the  AN/PDR-44  read  from  98  to  143  percent  higher.  When  the  AN/PDR-43  integrated  and 
scaled  dose  is  compared  with  the  unshielded  IM-107/PD  and  DT-60/PD  doses,  values  range  from 
62  to  89  percent  and  33  to  44  percent  higher,  respectively. 

Comparing  the  AN/PDR-44  integrated  and  scaled  dose  with  the  unshielded  IM-  107/PD  and 
DT-60/PD  doses,  values  ranging  from  89  to  120  percent  and  55  to  68  percent  higher,  respec¬ 
tively,  are  noted. 

The  integrated  surface  doses  as  predicted  by  the  AN/PDR-43  and  -44  appear  to  be  in  con¬ 
siderable  error.  In  addition  to  the  possible  sources  of  error,  such  as  energy-directional 
dependence  and  decreasing  battery  voltage,  a  possible  calibration  error  may  have  existed  (at 
least  for  the  AN/PDR-43  and  AN/PDR-44  radiacs).  The  scaling  factor  introduced  to  approxi¬ 
mate  the  doses  received  by  the  dosimeters  in  Shot  Hood  was  3.24.  Thus,  it  must  be  emphasized 
at  this  time  that  any  error  that  existed  in  the  calibration  of  the  test  ratemeters  would  have  been 
magnified  by  the  above  scaling  factor.  Similarly,  any  error  that  may  have  been  present  in  the 
calibration  of  the  AN/PDR-43  that  was  used  to  monitor  the  7  r/hr  field  would  markedly  effect 
the  calculated  dose  as  well. 

4.4  LABORATORY  WORK  PERFORMED  AND  INDICATED 

The  large  differences  between  the  integrated  ratemeter  dose  values  and  the  total  accumu¬ 
lated  4-cm-needle  dose  and  both  shielded  and  unshielded  dosimeter  dose  were  resolved  as 
follows: 

4.4.1  Standards.  Upon  the  return  to  the  laboratory,  the  ratemeter  was  repaired  and  re¬ 
calibrated  and  found  to  agree  within  10  percent  with  the  imbedded  needles  for  energies  in  the 
range  80  kev  to  1.2  Mev.  Thus,  the  greater  variation  encountered  in  the  field  is  considered  to 
be  due  to  non-uniformity  of  field  strength  and  geometrical  conditions  between  ratemeter  and 
dosimeter  and  rack  phantoms  and  the  errors  inherent  in  the  mathematical  assumptions  and  ex¬ 
trapolation. 

4.4.2  Energy-Directional  Dependence.  The  scope  and  complexity  of  a  complete  study  to  de¬ 
termine  the  characteristics  of  energy-directional  dependence  of  all  the  equipment  evaluated  by 
this  project  is  presently  being  initiated  by  the  Bureau  of  Ships  (Bu  Ships).  Time  and  consider¬ 
ations  made  this  study  heretofore  prohibitive,  consequently  this  information  is  not  available  for 
Inclusion  in  this  report. 

4.4.3  Additional  Shielding  Required.  As  previously  mentioned,  laboratory  studies  con¬ 
ducted  since  the  field  tests  have  shown  that  selective  shielding  could  be  designed  to  reduce  the 
higher  energy  response  of  the  DT-60/PD  dosimeter.  The  actual  design  of  ratemeter-detector 
shields  was  not  an  objective  of  Project  2.8,  but  comparison  readings  with  a  depth  dose  standard 
were.  The  results  show  that  shielding  is  required.  The  development  of  suitable  shields  will 
be  undertaken  as  part  of  Operation  Trumpet. 
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Chapter  5 

CONCLUSIONS  and  RECOMMENDATIONS 


5.1  CONCLUSIONS 

The  0.060-tnch  stainless-steel  shielding  used  for  the  IM-  107/PD  dosimeters  reduces 
response  of  the  IM-107/PD’s  to  the  point  where  correlation  within  6  percent  of  the  4-cm  depth 
dose  for  both  neutron-induced  and  fallout  fields  is  achieved. 

The  0.012-inch  lead  shielding  on  the  DT-60/PD  dosimeters  reduces  their  response  so  that 
readings  (uncorrected  for  temperature  effects)  of  22  to  34  percent  higher  than  the  4-cm-depth 
dose  are  obtained  for  both  induced  and  fallout  fields.  If  temperature  corrections  are  made,  the 
variation  in  response  is  reduced  to  17  to  29  percent.  It  is  considered  that  additional  shielding 
(based  on  laboratory  experiments)  could  be  designed  to  better  correlate  DT-60/PD  response 
with  depth-dose  readings. 

The  obtained  show  that  both  the  AN/PDR-44(XN-1)  ratemeters  will  result  in  a  con¬ 
siderably  high  estimate  of  dose,  if  the  depth  dose  is  considered  the  standard.  Shielding  of  the 
ratemeters  is  indicated. 

5.2  RECOMMENDATIONS 

If  correlation  of  surface  dose  with  depth  dose  is  desired,  future  procurement  specifications 
for  IM- 107/PD  dosimeters  should  incorporate  an  additional  0.060-inch  stainless-steel  wall  around 
the  sensitive  volume. 

For  the  DT-60/PD  dosimeters,  heavier  shielding  (0.020  inch  of  lead),  suitably  compensated 
for  energy  dependence  should  be  thoroughly  investigated  under  laboratory  conditions. 

The  development  of  suitable  ratemeter  shields  should  be  undertaken  in  the  laboratory  work 
preceding  the  field  work  of  Operation  Trumpet. 
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